Deformation of Fermi Surface Due to Antiferromagnetic Correlation 
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Abstract 

It is investigated, on the basis of the fluctuation exchange approximation, how the shape of the Fermi surface is 
modified in two-dimensional t — t' — U Hubbard model at half filling as strength of the onsite Coulomb interaction 
U is increased. The antiferromagnetic (AF) correlation length is shown to be enhanced as the Coulomb interaction 
get closer to the critical value U c for the onset AF order. At the same time, the shape of the renormalized Fermi 
surface is deformed showing the tendency of nesting near U c . 
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Layered cuprates have attracted much attention 
over the past decade because they exhibit anoma- 
lous behaviors in the normal state except for the 
fact that they have record high transition tem- 
perature (T c ). Some of the anomalous properties 
have features expressed by keywords, spin-charge 
separation aspect, spin-gap behavior, and so on 
[1-3]. They cannot be explained by the conven- 
tional Fermi liquid theory in its simple form. It is, 
however, expected that the Fermi surface of quasi 
particle becomes nearly nested near the antifer- 
romagnetic (AF) insulator phase [4]. Then it has 
been shown that such anomalous properties can 
be understood as effects of AF spin fluctuations 
with technically nested Femi surface [5,6]. Yanase- 
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Yamada calculated the one-particle self-energy on 
the one loop approximation using phcnomenologi- 
cal form of the spectrum of magnetic excitations, 
and pointed out that the strong AF spin fluctua- 
tions works to deform the Fermi surface as to be 
nested [7]. This problem has also been studied in 
2D Hubbard model on the square lattice by the self- 
consistent second order perturbation theory (SC- 
SOPT) [8], and in 2D Hubbard model on the tri- 
angular lattice by a simple second order perturba- 
tion [9]. These theories, however, cannot treat of 
spin fluctuations properly. Because of that, only a 
little tendency of change could be observed. The 
purpose of this paper is to study, on the basis of the 
fluctuation exchange (FLEX) approximation, how 
the shape of the Fermi surface is modified in two- 
dimensional t—t' — U Hubbard model at half filling , 
which is one of the simplest model having features 
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of layered high-T c cuprates, as strength of U is in- 
creased. By adopting FLEX [10], we can take into 
account an effect of strong AF spin fluctuations. 

The Green function and self-energy on the real 
axis are calculated by the standard method [11- 
13], and the Fermi surface and chemical potential 
are determined so as to satisfy the Luttinger sum 
rule [14]. We have retained 128 x 128 lattice points 
and 512(= N) discrete points of energy. Both of the 
cut-off value of energy e c and Matsubara frequency 
£ n c = (2./V — 1)ttT are 30i corresponding to the 
temperature T/t = 0.0093. A result of deformed 
Fermi surface is shown in Fig. 1 for the system with 
U/t = 3.12, t'/t = 0.2, t and t being the trans- 
fer between the nearest neighbors and the second 
nearest neighbors. The AF correlation length £/a, 
a being the lattice constant, is estimated as £/a = 
14.8 on FLEX approximation. The degree of defor- 
mation of the Fermi surface at the zone boundary 
k y = 7r is Ak x — —0.067 ±0.025 and along the line 
k x = k y is Ak± = 0.017 ± 0.017 for U/t = 3.12, 
where Afc is the difference between the Fermi wave 
number without interaction and the renormalizcd 
one. As we can see in Fig. 1, the Fermi surface is 
deformed in the direction to the nesting. The cor- 
responding values of Afc for U/t = 2 is Afc^, = 
-0.018 ± 0.025 and Afc ± = 0.017 ± 0.017, which 
can hardly be seen if they are drawn as Fig. 1. 

Deformation of the Fermi surface, calculated 
by SCSOPT in 2D Hubbard model near the half- 
filling, cannot be seen clearly even for rather large 
value of interaction U/t = 4 [8]. This is also the 
case in Rcf [9] . On the other hand, change of the 
Fermi surface we calculated is not so large as 
that of Yanase-Yamada who claimed that much 
larger deformation is obtained even smaller value 
of £/a = 6 [7]. 
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Fig. 1. Deformation of Fermi surface. Solid line is for the 
Fermi surface without interaction, and dashed line for the 
renormalized Fermi surface. 
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